The rise of e-commerce and globalization has changed consumption patterns. Different industries have different logistical needs. In meeting needs with different schedules logistics play a key role. Delivering a seamless service becomes a source of competitive advantage for the logistics industry. Global positioning system-based fleet management system technology provides synergy to transport companies and achieves many management goals such as monitoring and tracking commodity distribution, energy saving, safety, and quality. A case company, which is a subsidiary of a very famous food and retail conglomerate and operates the largest shipping line in Taiwan, has suffered from the nonsmooth introduction of GPS-based fleet management systems in recent years. Therefore, this study aims to identify key factors for introducing related systems to the case company. By using DEMATEL and ANP, we can find not only key factors but also causes and effects among key factors. The results showed that support from executives was the most important criterion but it has the worst performance among key factors. It is found that adequate annual budget planning, enhancement of user intention, and collaboration with consultants with high specialty could be helpful to enhance the faith of top executives for successfully introducing the systems to the case company.
Introduction
The rise of e-commerce and globalization has changed consumption patterns. Different industries have different logistical needs. In meeting needs for small, diverse, and highfrequency pickups and deliveries at different locations, in different packaging and according to different schedules and in determining how different operations such as purchasing, manufacturing, warehousing, distribution, and management contribute to a good solution, logistics play a key role. Delivering a seamless service has become a source of competitive advantage for the logistics industry. Fleet management systems (FMS) have been available in the logistics industry for many years. Crainic and Laporte [1, 2] pointed out that first-generation FMS provided relatively simple functionalities such as vehicle tracking components. With increased management sophistication, these systems have evolved into planning tools [3, 4] . In addition, fleet management involves supervising the use and maintenance of vehicles and associated administrative functions, including coordination and dissemination of tasks and related information to solve the heterogeneous scheduling and vehicle routing problem [5] . For vehicle fleet management and monitoring, one of the main applications is the global positioning system (GPS) technology [6, 7] . GPS-based fleet management system technology has provided synergy to transport companies and has achieved many management goals such as monitoring and tracking commodity distribution, energy savings, safety, and quality. A fleet management system is a complex network to manage and control. It is well known that most real-world management systems are typical complex and evolving networks [8] [9] [10] [11] , and fleet management systems are no exception.
This research used the P Transport Company as an empiricalstudy case. The company, which operates the largest shipping line in Taiwan, is a subsidiary of a famous food and retail conglomerate, which is the largest group of chain stores in Taiwan. The system had to serve the country's largest logistics system and provide comprehensive logistical support, and fast supply to all outlets nationwide. The P Transport Company was committed to continuously enhance the competitiveness by the introduction of GPS. Although the P Transport Company worked energetically to implement intelligent fleet management systems, these have not been successful in recent years. The P Transport Company was in the system implementation phase at the time of this research and wanted to avoid another failure in introducing a fleet management system. After interviewing the managers of P Transport Company, four main reasons for earlier failures were identified: organizational resistance to change, ongoing information technology innovation, lack of professional training and experience in project staff, and multiple customer patterns and complex operating procedures.
This research intended to identify the key factors in introducing GPS-based fleet management systems to the logistics industry by the analysis of P Transport Company. For the purpose of this paper, several factors were involved, and it was necessary to determine which of these factors was the most significant for achieving the objective of this study. In addition, this complex management problem was a classic case of multiple-criteria decision-making (MCDM), and these indicators had interdependent impacts. Regarding the research methods, analytic network process (ANP) is a widely used method that considers interdependencies among factors and determines their relative importance [12] [13] [14] [15] [16] . A combination of Decision-Making Trial and Evaluation Laboratory (DEMATEL) and ANP has been widely used to solve various decision problems [17] [18] [19] [20] . To take interdependencies into consideration and determine the key factors, this paper incorporates a novel combination of DEMATEL and ANP into the study. By analyzing the case company, this study contributes to explore an important issue that identifies key factors for introducing GPS-based fleet management systems to the logistics industry using DEMATEL and ANP.
The results showed that support from executives was the most important criterion and had profound influence on other criteria. Performance on other key factors was improved if corporate executives showed strong support. The other key factors were user recognition, funding and budget, project team composition, correct information in real time, and degree of completion of transmission equipment. The proposed model was implemented in a transport company in Taiwan. Based on the results obtained, it was suggested that transport companies and the logistics industry introduce GPS-based fleet management systems, which will increase their chance of success. Section 1 of this paper provides an introduction which summarizes the research motive, purpose, methodology, and study results. Section 2 provides a brief review of GPS-based fleet management systems and key factors for introducing these systems. Section 3 describes the methodology used and Section 4 presents an example and results. Finally, conclusions and recommendations can be found in Section 5.
Literature Review

Fleet Management Systems and GPS.
Intelligent transportation systems (ITS) were defined in [21] as using information technologies, computers, and communications in transportation systems to solve transportation problems. These systems increase transportation efficiency, promote driving safety, improve people's lives, and raise industrial productivity [22] . Fleet management systems (FMS) have been available in the industrial domain, such as the transport business, for many years. Currently, these systems have evolved into complete enterprise management tools linking together all parts of the business. The new trend clearly dictates increased management sophistication in terms of turning these tools into planning tools [3, 4] . They now include real-time asset management focusing on current fleet locations and prediction of planned tasks. These systems today offer a broad range of functionalities, including tight integration with internal enterprise resource planning (ERP) systems and systems located at customer sites. Specifically, extensive use of realtime data and wireless communications serve together with increased intelligence for real-time planning, where industry developers identify these parameters as the primary drivers for current developments [23] .
In an industrial context, a complete logistics system involves transporting raw materials from a number of suppliers, delivering them to the factory for processing, transporting the products to different depots, and finally distributing them to customers [5] . In this case, transportation for both supply and distribution requires effective management procedures to optimize routes and costs. These procedures form part of the overall supply-chain management of the company [24] . The American Heritage Dictionary defines a global positioning system as "A system for determining a position on the Earth's surface by comparing radio signals from several satellites. Depending on your geographic location, the GPS receiver samples data from up to six satellites; it then calculates the time taken for each satellite signal to reach the GPS receiver, and from the difference in time of reception, determines your location [25] . " A number of literatures have been published which provide information to engineers about GPS technology applications to transportation systems, especially to intelligent transportation systems [26, 27] .
GPS became very important because not only did the military rely on them to provide navigation, but the public sector did as well. These devices were used by pilots, miners, mountain climbers, and many others working in dangerous occupations [28] . Several industries such as the logistics realized this and started to focus on research and quality control. These industries also realized the benefit of combining GPS technology with telecommunications. This enabled GPS receivers to transmit data to a base station for analysis. Another advance was a GPS architecture that enabled integration of the technology into computers and other devices. This opened up a huge spectrum of uses for GPS [28] . Companies can reduce costs and create greater customer satisfaction by implementing GPS systems as part of already established processes [28] . GPS became a "tool of the trade" in trucking companies for logistics management.
GPS devices gave managers more accurate estimates of both the time of arrival and the time of delivery of goods to the customer [29] . As part of logistics management, fleet management can be a practical tool for managing a vehicle fleet to improve scheduling, operating efficiency, and effectiveness [30] . In addition, fleet management involves 
Aspects
Descriptions References
Organization
The impact of implementing a system in an organization: the system must be accepted by the organization and integrated into the workflow among other existing information systems. Staff can have concerns arising from the nature of the organizational change resistance mentality.
[ [35] [36] [37] [38] [39] [40] [41] [42] [43] Project base
The execution and management of the project: IT project management must usually work with a series of complex problems and diverse staff. In particular, team management requires a high degree of expertise to deal with project execution management issues. [36, 37, 40, 41, 43] System technology Technical complexity of the system: before building the system, high-quality data must be available. The system must include information on whether the accuracy, timeliness, integration, and flexibility of the technology can meet organizational needs.
[ [35] [36] [37] [38] [39] [40] [41] [42] [43] 
Consultants
Ability of enterprises to solve problems: business consultants that have dealt with a similar situation in the past can be expected to have specific experience and knowledge and to adapt solutions to the current problems encountered. The capacity and performance of consultants during the project will affect the success or failure of the entire project.
[ [35] [36] [37] 39] External environment
Factors external to the organization, for example, the impact on the implemented system of external competitive pressures, also refer to the impact of trade laws and regulations. Industry competitive pressures and suppliers will affect all implemented technologies. [38, 42] supervising the use and maintenance of vehicles and associated administrative functions, including coordination and dissemination of tasks and related information to solve heterogeneous scheduling and vehicle routing problems [5] .
Introduction of Management Information Systems.
The introduction of new systems can be understood from business experience and from the literature. A successful system introduction provides positive benefits to an organization, but a failed introduction can do harm to the organization. Many studies have focused on the key factors affecting the introduction of a new system to a company. Table 1 summarizes related aspects and literatures for the introduction of management information systems and Table 2 shows preliminary aspects and criteria cited from the related literatures.
Methodology
Delphi Method.
The Delphi method is a research approach to group decision-making. Reference [31] indicated that the Delphi method depends on experts' experience, instincts, and values to determine outcomes. In this method, a group of six experts discusses a specific question, because experts from different fields can be expected to provide multiple perspectives. Besides, the experts can understand each other's perspectives in one round of the questionnaire and adjust their own perspectives in the next questionnaire round to reach consistency. The related operations are briefly introduced as follows. First, the appropriate experts are grouped according to the nature of the question that must be decided. Hence, the number of experts is determined in terms of the dimensions, professional requirements, complexity, and scope of the problem. In general, the group will not exceed twenty people. Second, background information about the decision is transmitted to the experts, and they are asked what else they need. Furthermore, they are advised of the questions that must be answered and any related requests. Finally, the experts are asked to answer the questions in writing. Third, the experts indicate their perspectives and explain how these perspectives were obtained from the information given. Fourth, the expert perspectives are synthesized for the first time to produce an information form, which is sent to the experts so that they can understand the differences between their perspectives and those of others and adjust their perspectives and evaluation accordingly. Fifth, the major part of the Delphi method involves collecting experts' perspectives and providing feedback. In other words, the modified perspectives from the experts are collected, synthesized, and sent back to each expert for further modification. Note that each expert's name is not included when the information is fed back to the experts as a group. This process is repeated until no expert submits further modifications. Finally, the experts' perspectives are synthesized, and conclusions are presented.
DEMATEL-Based ANP (DANP).
Traditionally, a network relation map (NRM) was necessary for ANP, but NRM should be acquired by other auxiliary tools. Undoubtedly, Decision-Making Trial and Evaluation Laboratory (DEMA-TEL) is an appropriate choice for constructing NRM [20] by describing interdependencies visually in the form of networks consisting of explainable nodes and directed arcs [31] . Nevertheless, a serious problem for ANP is that if there are too many criteria involving pairwise comparisons, Table 2 : Preliminary aspects and criteria for the study.
Aspects
Criteria Descriptions
Organization
Top executives support Executives' subjective preferences or understanding of the project, continued participation, promises of funding and resources required, and removal of obstacles to the project.
Enterprise process reengineering The need to change the organization's structure, responsibilities, and workflow in response to the implemented system.
User recognition
Whether employees have sufficient momentum to drive their participation in the system.
Funding and budget
The project budget for implementing software, hardware, and subsequent maintenance requirements.
Project base
Clear objectives A clear understanding of importing goals and performance those are from the various departments.
Project team composition
Organizations with outstanding staff from ministries can take up the challenge and work together to resolve difficulties. Project management and monitoring Project leaders and teams control project progress.
Effective communication To resolve conflict. Education and training
Actual effectiveness of education and training.
System technology
Timely and correct information Control over correct and timely input information. Degree of difficulty in software and hardware maintenance Degree of maintenance difficulty for system and hardware devices in the future.
Degree of difficulty in technology setup
Degree of difficulty in setup of system technology and extension to various centers.
Degree of completeness of transmission equipment
Transmission performance and scalability of equipment installed in a truck.
Consultant
Experience of consultants Industrial familiarity, expressive ability, and communication skills of consultants.
Ability of consultants Degree of professional competence of consultants for each module in the system.
Coordination and communication
Service gap between expectation and perception of customers in the consultant's interaction process.
External environment
Industry competitive pressure Development of innovation in industry is very rapid and, therefore, when facing competition, a further assessment of the competitive environment facing the enterprise is required.
Customer acceptance
Willingness of customers to implement a system and conditions imposed.
then the time required for pairwise comparisons increases substantially. Moreover, it is not easy to achieve consistency [32] , especially for the matrix with high order, because of the influence of the limited ability of human thinking and the shortcomings of one to nine scale [33] . To solve the abovementioned problems, the so-called DANP took the total influence matrix generated by DEMATEL as the unweighted supermatrix of ANP directly to avoid troublesome pairwise comparisons. Similar to ANP, relative weights of individual factors can be obtained by generating a limiting supermatrix. Tzeng and Huang [20] introduced the complete framework of DANP.
In particular, the framework of DANP used in this paper has several distinct features compared to [20] . First, this paper considers prominences generated by DEMATEL and relative weights generated by DANP at the same time to determine key factors instead of using relative importance by DANP merely. In other words, as represented by dashed lines in Figure 1 , both DEMATEL and DANP have the power to vote for key factors. Second, we focus on the causal diagram for key factors rather than all factors. Moreover, an arc is directed from one factor to another one if the former has the greatest influence on the latter. This can simplify greatly the representation of a causal diagram and facilitate the analysis of interdependence among key factors. Besides, the causal diagram is not dependent on relation of each factor. The reason is that the greater the relation of a factor is, the greater the influence of it on another factor is not assured. Such a novel variant of the traditional DANP is briefly depicted in Figure 1 .
Determining the Total Influence Matrix.
The performance values used to represent the degree of influence of one element on another were 0 (no effect), 1 (little effect), 2 (some effect), 3 (strong effect), and 4 (certain effect). Next, the direct influence matrix Z was constructed using the degree of effect between each pair of elements as obtained by the questionnaire.
represents the extent to which criterion affects criterion . All diagonal elements are set to zero:
The direct influence matrix Z was subsequently normalized to yield a normalized direct influence matrix X after calculating
The formula (T = X(I − X) −1 ) was used to represent the total influence matrix T after normalizing the direct influence matrix. In this step, O was the zero matrix and I the identity matrix:
The total influence matrix T was viewed as an unweighted supermatrix and was used to normalize the total influence matrix to obtain the weighted matrix W for ANP. Finally, W was multiplied by itself several times until convergence to obtain the limiting supermatrix W * and the global weight of all elements. Below, a simple example is used to illustrate the abovementioned operations with respect to factors , , , and for a decision problem. Let a direct influence matrix Z be obtained as follows: 
This matrix was subsequently normalized to obtain the normalized relation matrix X. Then the total influence matrix T was calculated using X(I − X) −1 : 
Each row of the total influence matrix was summed to obtain the value of , and each column of the total influence matrix was summed to obtain the value of . Hence, the sum of every row plus the sum of every column (i.e., + ), called the prominence, shows the relational intensity of the element in question. The greater the prominence becomes, the greater the degree of importance will be among factors. The sum of every row minus the sum of every column ( − ) is called the relation. If the relation is positive, then the element is inclined to affect other elements actively and was referred to as a cause. If the relation is negative, the element is inclined to be affected by other elements and was referred to as an effect. In other words, a positive relation means the degree to which such a factor affected the others is inclined to be stronger than the degree to which it was affected [17] (see Table 3 ). The total influence matrix was then normalized to obtain the weighted supermatrix W (see Table 4 ).
Finally, W was multiplied by itself several times until convergence to obtain the limiting supermatrix W * . Factors , , and can be categorized into a class of "cause. " It is worthy to mention that, although the relation of factor is the most positive (i.e., 0.3598), it has not the greatest influences on factors , , and . For instance, factor , which can be categorized into a class of "effect, " imposes the greatest influence on factor (i.e., 0.691) rather than (i.e., 0.637). Table 4 0
Identifying Key Factors.
Following the simple example in the previous subsection, the comparative weights of elements , , , and were determined as 0.266, 0.231, 0.246, and 0.256, respectively. However, it can be seen that the rankings of the importance for factors resulting from prominences generated by DEMATEL and relative weights obtained by DANP were inconsistent. In our opinion, since both DEMA-TEL and DANP provide partial messages regarding the selection of key factors, decisions on key factors should not be based on prominences generated by DEMATEL or relative weights obtained by DANP as the sole consideration. This motivates us to use the abovementioned message to determine the final importance rankings of factors. The overall rankings for factors are shown in Table 5 by arranging the sum of rankings of each factor in ascending order.
Depicting the Causal Diagram for Key Factors.
Following the previous subsection, we can depict a causal diagram for key factors. For example, because factors , , and were key factors, the total influence matrix was used to draw a causal diagram. The total influence matrix showed that the factors affecting , , and most strongly were still , , and (see Figure 2) . Then, a causal diagram with respect to factors , , and can be easily depicted as shown in Figure 3 . As shown in the causal diagram, interactions existed between factors , , and . Moreover, it is reasonable for managers to get down to performance improvement of or for the problem energetically. For , performance improvement of can facilitate those of and . However, since is categorized into a class of "effect, " the performance of is usually undertaken to improve at first to promote the performance improvement of the other key factors. We think that whether can be taken as a starting point or not should be dependent on the real situation. That is, "cause" or "effect" is just for reference. The importance-performance analysis (IPA) formulated by Martilla and James [34] can be an appropriate tool to help users examine key factors that are necessary to be improved. 
Empirical Study
4.1. Case Introduction. P Transport Company, a company owned by a large corporation, operates the largest freight transportation line in Taiwan. Their fleet consists of 1,700 trucks and is capable of serving more than 5000 retail stores. The company was beginning to introduce electronic operations and systems to enhance its competitiveness in the industry and to achieve the goals given by the corporation, in the hope that these systems would lead to higher corporate operating efficiency. However, the results were often unsatisfactory. P Transport Company's recent attempt to introduce an intelligent fleet management system was not successful. Their testing and startup costs exceeded NT 10 million, with more than several dozen test vendors. After discussion with company managers, the reasons for the earlier implementation failure were identified as follows: accumulated organizational cost considerations, resistance from employees to innovative changes, lack of professional know-how and experience in the project team, ongoing information technology innovation and evolution, and multiple patterns of customers and job complexity, leading to difficulties in system development.
Determining the Formal Decision Structure.
Most of the decision-makers made their system implementation decisions based on their subjective views and various working Executives' subjective preferences or understanding of the project, continued participation, promises of funding and resources required, and removal of obstacles to the project.
User recognition ( 2)
Funding and budget ( 3)
Project base ( ) Project team composition ( 1)
Organizations with outstanding staff from ministries can take up the challenge and work together to resolve difficulties. Project management and monitoring ( 2) Project leaders and teams control project progress.
Education and training ( 3)
System technology ( )
Timely and correct information ( 1) Control over correct and timely input information.
Degree of difficulty in software and hardware maintenance ( 2)
The degree of maintenance difficulty for the system and for hardware devices in the future.
Degree of completeness of transmission equipment ( 3)
External environment ( ) Experience and ability of consultants ( 1)
Industrial familiarity, expressive capability, and communication skills of the consultant. Level of professional competence of the consultant for each module in the system.
Coordination and communication ( 2)
Because the development of industry innovation is very rapid, when facing competition, a further assessment of the competitive environment facing the enterprise is required.
Customer acceptance ( 3)
rules. This approach was likely to lead to wrong decisions. To determine how to reduce the risk of failure, an objective and quantitative approach was required to help companies identify the key factors in successful system introduction. The P Transport Company was selected for this research as an empirical case to illustrate how to identify the key factors in introducing a GPS-based fleet management system. A survey was carried out to collect experts' perceptions, involving six managers from the P Transport Company who were involved in logistics and who had system software development experience. 35 aspects and 144 criteria were identified after a literature review. All these indicators were integrated according to similarities in definition and semantics, and five aspects and 18 criteria were selected for the prototype research architecture. To increase the possibility of success in implementing the GPS-based fleet management system, the Delphi method was used in this study to revise the prototype architecture into a formal decision structure as shown in Table 6 . It was found that the consensus deviation index (CDI) in the Delphi method of each factor is lower than 0.1 after the third round, and four aspects and 12 criteria were thus considered in the final evaluation framework. Note that CDI is used to indicate the degree of the common consensus of consults. The greater the CDI is, the worse the common consensus will be. The questionnaire required by DEMATEL was designed, and ten qualified managers from the P Transport Company were invited to provide their opinions.
Result Analysis
Importance Analysis for Aspects.
Based on the expert survey and the DEMATEL method, the initial direct influence matrix for aspects was calculated using (1), with the results shown in Table 7 . The normalized direct influence matrix was obtained using (2) , with the results shown in Table 8 . The total influence matrix was calculated using (3), with the results shown in Table 9 . The prominence and relation of each aspect are shown in Table 10 .
As shown in Table 11 , a weighted supermatrix can be obtained by normalizing the total influence matrix. The limiting supermatrix derived by the weighted supermatrix was shown in Table 12 .
The overall rankings for aspects are shown in Table 13 by arranging the sum of rankings of each aspect in ascending order. It is clear that "Organizations" is the most important aspect. According to the total influence matrix for aspects, a causal diagram depicted in Figure 4 shows that P Transport Company should energetically get down to performance improvement of "Organizations" to facilitate those of the other aspects. Also, it is reasonable for P Transport Company to undertake the development of appropriate strategies for improving "Organizations" because "Organizations" is categorized into a class of "cause. " It is noted that the proposed causal diagram does not make use of prominences and relations. This is quite different from the traditional causal diagram. Table 14 for criteria was calculated using (1) . The normalized direct influence matrix in Table 15 was obtained through (2) . The total influence matrix in Table 16 was calculated using (3). Table 17 summarizes the prominence and relation of each criterion; Table 18 summarizes the cause/effect properties of twelve criteria considered.
Mathematical Problems in Engineering
As shown in Table 19 , a weighted supermatrix can be obtained by normalizing the total influence matrix. The limiting supermatrix derived by the weighted supermatrix was shown in Table 20 .
The overall rankings for criteria are shown in Table 21 by arranging the sum of rankings of each criterion in ascending order. According the overall ranking list, we take top executive support ( 1), funding and budget ( 3), experience and ability of consultant ( 1), project team composition ( 1), timely and correct information ( 1), degree of completeness of transmission equipment ( 3), and user recognition ( 2) as key criteria.
Importance-Performance Analysis.
To assess the criterion performances, ten managers ( 1, 2, . . . , 10) from the P Transport Company were invited as survey subjects. The relationship between rating and performance shown in Table 22 was also provided to subjects. The average values for the ten managers regarding performance on twelve criteria are shown in Table 23 . After consulting ten experts, they all agreed to use 75 as a threshold value to distinguish criteria with acceptable (≥75) or unacceptable (<75) performance values from twelve criteria. Each criterion with its rank and performance value is depicted in Figure 5 , which is used by IPA to examine which key factors should be concentrated.
From Figure 5 , it can be seen that, in addition to top executive support ( 1) and funding and budget ( 3), five key criteria, such as timely and correct information ( 1) and degree of completeness of transmission equipment ( 3), fall into the upper right grid. P Transport Company should keep up the good performances of those key factors that fall into such a grid. Also, P Transport Company must effectively improve the performances of top executive support and funding and budget that fall into the upper left grid. Of course, 1 and 3 would pose a serious threat to P Transport Company if they are ignored. Also, resources committed to those criteria that fall into lower right grid would be better employed elsewhere, and it is not necessary to focus additional effort on 2.
According to the total influence matrix in Table 13 , a causal diagram depicted in Figure 4 shows that P Transport Company should energetically get down to performance improvements of top executive support ( 1) and funding and budget ( 3) for introducing GPS-based fleet management systems to facilitate those of the other key factors. Also, the selection of 1 and 3 to be the start is very appropriate because they are categorized into a class of "cause. " To improve 1 effectively, executives of P Transport Company should promise that they must continue participation, provide funding and resources required, and remove obstacles actively to the project for the introduction of GPS-based fleet management systems. As for performance improvement of 3, P Transport Company should provide adequate budget for implementing the software, hardware, and subsequent maintenance requirements. In Figure 6 , it can be seen that 1 and 3 influenced each other. This means that adequate annual funding and budget planning are necessary in the long term so as to enhance the faith of top executives for successfully introducing the information systems to P Transport Company. As in the previous subsection, the proposed causal diagram is a kind of NRM and does not make use of prominences and relations.
Since the improvement of 1 with the worst rating is urgent for P Transport Company, in addition to 3, it is interesting to explore whether other factors can have certain influence on 1. The total influence matrix shows that 3 has the greatest impact on 1 and key criteria 1, 3, and 2 have the second, the third, and the forth greatest impacts, respectively. It is reasonable to speculate that enhancement of intention of using the systems for employees and collaboration with consultants with high specialty can be helpful to enhance the support of executives. In Figure 6 , the former and the latter impacts on 1 coming from 2 and 1 are indicated as dashed lines. The abovementioned strategies for 1 and 3 can concretely implement the improvement of "Organizations. " It is suggested that leverage of the total influence matrix and the causal diagram could help us develop strategies of improvement in key factors, especially for those falling into the upper left grid in IPA. Such an analysis has its potentiality of being widely applied to other problem domains.
Conclusions
Intelligent transportation systems have been in operation for many years, and commercial vehicle operation issues have become important ITS trends in many developed countries. GPS-based fleet management systems are very important to the logistics industry, especially in transport companies. These systems can monitor and track commodity distribution, thus saving energy. Moreover, they also improve scheduling, operating efficiency, and effectiveness. Because fleet management systems are very important, the successful introduction of these systems has become a key issue.
The purpose of this research was to identify the key factors for introducing GPS-based fleet management systems to transport companies. DEMATEL and ANP were combined to determine the key indicators, identify the most important one, and discover how it affects others. Top executive support was determined to be the most important criterion in this study; other key factors selected were funding and budget, experience and ability of consultants, project team composition, user recognition, timely and correct information, and degree of completeness of transmission equipment. These seven key factors are discussed below. Large organizations cannot avoid bureaucratic cultures and egos. The introduction of new technologies and systems will replace existing modes of operation, often leading to resistance from conservative older employees and executives who are unwilling to change. The functioning of the organization from the financial, technical, and training units to the business units determines the success or failure of a system introduction. Only executives can formulate topdown requirements and determine that system implementation becomes a clear policy objective before they can drive innovation across the enterprise.
In the case of enterprises with limited resources, implementing a new system requires large amounts of funding, time, and human resources which are not necessarily proportional to the rate of return that can be obtained. This reality makes executives and shareholders conservative. Before implementing a system, a large budget must be set aside, which will affect the current year net income and, after implementation, system maintenance costs will continue as long-term operating costs. Implementing new systems is closely related to funding, and only executives can set aside budgets, whereas the company has the resources for system development and implementation.
Implementing new technology and systems is not original business expertise and relies heavily on the technology and experience of manufacturers to avoid costly mistakes. Large organizations are looking for manufacturers with welloiled operations and similar size to ensure system operation and maintenance. Therefore, the experience and ability of consultants are important to enterprises. The composition of the project team has a major impact on successful system implementation. Members must have expertise in various sectors to fully express the operating system requirements of different departments, thus facilitating interagency communication and coordination and helping system specification and development. Innovation is not only driven by executives, but requires the cooperation of all. All users must accept change, modify habits, and adopt new operating procedures to enhance operational effectiveness. A new GPS system has been developed which aims to achieve map database integration, including real-time control data related to vehicle dynamics and driving, speed, braking, emergency deceleration, arrival time, temperature recording, and other important management information. Timely and correct system output is the basic requirement for the transport company.
The transmission equipment implemented for this GPS system features a link through the car's transmission to transmit relevant information back to the company. Based on the current distinction between 2G and 3G, a 3G system with integrated touch screen and built-in CPU and memory was chosen for this project. It was able to collect data on a device and send it through the device's built-in program module without preprocessing. The information was then transmitted over a 3G link to the background, avoiding too heavy burden on this background, to enhance the availability of accurate real-time information.
For the transport industry, traffic accidents are the main causes of violations caused by domestic carriers. Many casualties of trucks occurred in the past and have tended to place less emphasis on the implementation of GPS-based fleet management systems. Actually, violations can be reduced with successful implementation of a system to avoid social harm. Abnormal driving behavior will become apparent through the fleet management system (speed, travel time, driving illegal routes, etc.), and a temperature control feature will be available in real time to prevent excessive heating or cooling during delivery of goods, ensuring food safety. These research results can be used by the logistics industry to implement a GPS-based fleet management system. As for factory management, logistics operators can also be used as an important reference for future systems before importing data. The system will also provide opportunities to learn from others in the transport sector, thereby enhancing the overall quality of transportation services.
